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Abstract 
On the basis of previously developed magnetic pulse method for short durations developed and implemented in [1] tests of thin 
metal ring samples of aluminum and copper in the range 5 810 10 s   were conducted.  The developed method allows us to 
measure the time to the fracture that is principally important for dynamic strength testing.  A  mathematical model describing the 
process of expansion of samples is suggested.  A comparison of experimental and calculated data is performed. 
Structural-time approach based on the notion of incubation time [2] can be used to describe temporal dependence of critical 
tensile stress observed in experiments. 
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In [3–6], the modern experimental results on high-speed tangential stretching of thin metal rings before 
fracture induced by a magnetic pulse are described. The use of an electromagnetic load made it possible to achieve 
the radial velocity of ring extension in the range of 80–200 m/s, which corresponds to a deformation rate of about 
104 s–1. It is shown that the ring fracture proceeds for a time essentially smaller than the first period of current 
oscillations in the ring. The entire fragmentation process took less than 20 μs.  
In this work, we developed the approach described in [7–10] for a region of much shorter actions, which is of 
principal importance for studying dynamic durability under intense pulse actions. The investigation of the pulse-
length effect on the fragile-fracture threshold under the magnetic-pulse treatment of PMMA and spheroplastics [7–
9] revealed an increase of this threshold for decreasing pulse length from 4.3 to 1 μs, while the crack grows faster 
for a larger pulse length. In [10], it was shown that the specific energy of the PMMA fracture with increasing pulse 
length from 1 to 10 μs sharply decreases.  
Three modifications of the magnetic pulse technique were used. They were based on a GKVI-300 high-
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voltage narrow-pulse generator providing voltage amplitudes of 30–300 kV. 
 
 
Fig. 1. Schematic representation of the sample loading (q is the load, and σ is the stretching stress). 
 
The loading scheme is shown in Fig. 1. A current passing through a solenoid on which a coaxial ring sample 
is placed induces a current in the sample, and interaction between these currents gives rise to a repulsion force 
between the ring and solenoid. The circuit diagrams of a setup generating a sine-wave load with period T = 5.5 μs 
(modification 1), 1.0 μs (modification 2) and pulse load with duration τ = 80ns (modification 3) are presented in 
Figs. 2, 3 and 4, respectively. When the sine-wave current with T = 5.5 μs (Fig. 2) was used to test the rings, 
capacitor C was charged from rectifier REC with a controlled voltage ranging from 12 to 24 kV. Then, capacitor C 
discharged through solenoid L using high-voltage switch S. The solenoid was made of a copper wire 1 mm in 
diameter. It had five turns and a diameter of 25 mm. The current through the solenoid was measured by Rogowski 
coil RC and displayed on digital oscilloscope OSC, and information from the oscilloscope was written in electronic 
format. When the sample coaxially placed on solenoid L broke, photodiode PD recorded a flash indicating the 
instant of rupture.  
 
 
Fig. 2. Circuit diagram of the setup generating sine-wave electromagnetic load with period T = 5.5 μs: AT, autotransformer; 
REC, rectifier; Rch, charging resistor; C, capacitor, S, switch; RC, Rogowski circuit; L, core-free solenoid; PD, photodiode;    
and OSC, oscilloscope. 
 
 
 
Fig. 3. Circuit diagram of the setup generating sine-wave electromagnetic load with period T = 1 μs: PT, pulse transformer; FL, 
pulse-forming line; OD, output device; and HVE, high-voltage electrode,  RC, Rogowski circuit; L, core-free solenoid; PD, 
photodiode; and OSC, oscilloscope. 
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When the period of the decaying current through the solenoid was 1 μs, a more sophisticated tester was 
applied (Fig. 3). Using pulse transformer PT, two coupled electrical circuits, and pulse-forming line FL, the voltage 
of the sine-wave signal was raised tenfold compared with the circuit in Fig. 2. The amplified voltage was applied to 
the same solenoid through output device OD. However, the current oscillation period was T = 1 μs in this case.  
With further improvement of this setup (Fig. 4) was realized short impulse loading with a duration of 80ns. 
 
 
Fig. 4. Circuit diagram of the setup generating pulse load with duration τ=80ns: PT, pulse transformer; FL, pulse-forming line; 
OD, output device; and HVE, high-voltage electrode,  RC, Rogowski circuit; L, single turn coil; PD, photodiode; and OSC, 
oscilloscope. 
 
Fig. 5 demonstrates the waveforms of the current through the solenoid (1) and  signal from the photodiode 
(2) arising at the instant of rupture. 
 
  
a b 
Fig. 5. Current waveform with a Rogowski coil (1) and the signal from the photodiode (2), a - the current period is 5.5 μs;   
b - the pulse duration is 80 ns. 
  
Test rings were made of aluminum and copper foils 0.015 mm thick and 0.5–2.0 mm wide. 
Measurements of the radial pressure on the inner surface of the rings were made by means of a piezoelectric 
transducer. Next circumferential stress determined by the Laplace formula. Fig. 6 shows the stress profiles for rings 
of aluminum and copper foils at different periods of the current in the coil. On these figures stress on rings failure 
and the time to failure are marked. From an analysis of the experimentally measured circumferential stress profiles 
can make an important conclusion that the ring inertia significantly dampens oscillations of the pressure on the inner 
surface of the ring. With the shortening of the period of oscillation the smoothing effect is more pronounced (see 
Fig. 6, b, d). The most considerable effect of inertial smoothing is increase of circumferential stress pulse duration in 
comparison with pulse of radial loading. 
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c d 
Experimental profiles of circumferential stress: a - Al, T = 5.5 μs, b - Al, T = 1 μs, c - Cu, T = 5.5 μs, d - Cu, T = 1 μs. 
  
Graphs on Fig. 7 illustrate time dependence of time to ring failure from the critical values of circumferential stress. 
 
 
Fig. 7. Dependence of the time to failure tp of the critical (at break) tensile circumferential stress: 1 - copper foil 2 - aluminum 
foil 3, 4 - static fracture stress (strength) to copper and aluminum, respectively. 
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Conclusions 
 
1. A magnetic pulse technique for failure and for photorecording the instant of failure is developed and checked. 
Experiments were conducted with foils rings subjected to very short loading pulses. 
2. The suggested technique can be used in strength tests of bulk conductors, wires, and foils subjected to short 
intense actions. 
3. Pressure profiles were measured for the radial inner surface of the ring, determined the circumferential tensile 
stresses, resulting in its break.  
4. It is shown that the ring inertia at high speed deformation substantially dampens stress oscillations in the ring, 
which may lead to a visible increase in the pulse width circumferential tensile stress, compared to the original pulse 
duration of the current load. 
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